To study the predictive value of Nod2/CARD15 gene variants along with disease phenotypic characteristics for requirement of initial surgery and for surgical recurrence in Crohn's disease (CD). Summary Background Data: Nod2/CARD15 gene variants play an important role in the susceptibility to CD. Studies of genotypephenotype relationship suggest that these variants are associated with development of intestinal strictures. Preliminary reports analyzing the association between these variants and need for surgery have produced inconsistent results. Methods: A total of 170 CD patients were included prospectively in the study and followed up regularly for a mean of 7.4 Ϯ 6.1 years. Clinical characteristics of CD, time and indication for surgery, and recurrence were registered. Nod2/CARD15 gene variants were determined by DNA sequencing analysis. Results: Surgery for stricturing disease was significantly more frequent in patients with Nod2/CARD15 variants in the univariate analysis (odds ratio ͓OR͔, 3.63; 95% confidence interval ͓CI͔, 1.42-9.27), and it was required at an earlier time (P ϭ 0.004). Only Nod2/CARD15 variants (OR, 3.58; 95% CI, 1.21-10.5) and stricturing phenotype at diagnosis of CD (OR, 9.34; 95% CI, were independent predictive factors of initial surgery for stricturing lesions in the multivariate analysis. Among 70 patients that required surgery, postoperative recurrence was also more frequent in patients with Nod2/CARD15 variants in the univariate and multivariate analysis (OR, 3.29; 95% CI, 1.13-9.56), and reoperation was needed at an earlier time (P ϭ 0.03). Conclusion: Nod2/CARD15 variants are associated with early initial surgery due to stenosis and with surgical recurrence in Crohn's disease. Patients with these variants could benefit from preventive and/or early therapeutic strategies. (Ann Surg 2005;242: 693-700) From the
D espite the advances in our understanding of Crohn's disease (CD), the course of the disease in a particular patient remains unpredictable. Surgery is frequently needed, and a large number of patients require more than 1 operation. 1, 2 Several articles have attempted to define predictive factors for requirement of initial surgery 1, [3] [4] [5] or reoperation 1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] based on the analysis of clinical variables. However, the results of these studies have been inconsistent. This may be attributable to differences in study design concerning patient population, clinical classification used, criteria for variables definition, ethnicity, or duration of CD. Besides, it is important to note that clinical characteristics of CD may change over time; 17 therefore, classification of CD patients may significantly benefit from associated stable genetic factors.
Three variants of Nod2/CARD15 gene (R702W, G908R, L1007fsinsC), present in 30% to 50% of CD white patients, are implicated in the susceptibility to CD. 18 -21 Since a number of genotype-phenotype studies have suggested that Nod2/CARD15 variants are associated with ileal disease and development of intestinal strictures, [21] [22] [23] [24] [25] [26] it is conceivable that variants of this gene may be also accurate predictors of surgery requirement. A few studies have assessed surgery requirement in relation to Nod2/CARD15 genotype. In 2 recent reports Nod2/CARD15 gene variants were more frequent in patients requiring bowel surgery, 25, 27 whereas another study found an association only with surgery indicated for the treatment of stricturing lesions. 24 However, in none of these studies were the Nod2/CARD15 gene variants independent predictors of surgery requirement. In the only study that evaluated the need of a second surgery, an association with the Nod2/CARD15 gene variants was not found. 24 If Nod2/CARD15 genotype were a good predictor of surgery requirement, this genetic factor would allow identification of patients who might benefit from preventive and/or early therapeutic interventions. Therefore, the aim of our study was to ascertain whether the Nod2/CARD15 gene variants are independent predictive factors for both initial surgery and the need of subsequent surgical procedures in patients with CD.
PATIENTS AND METHODS

Patients and Criteria for Diagnosis
Unrelated CD patients attending a single inflammatory bowel disease unit of a tertiary referral center in Spain and regularly followed were included in this study between December 2002 and January 2004. The diagnosis of CD was based on standard clinical, radiologic, endoscopic, and histologic criteria. 28 All patients gave their written informed consent to participate in the study after approval of the project by the local ethical committee. The study was performed in accordance to the principles stated in the declaration of Helsinki.
Data Management and Definitions
All clinical data were obtained from a prospective clinical database of our unit. At the initial visit, a complete clinical evaluation was performed. This evaluation included gender, previous appendectomy, smoking habit, family history of inflammatory bowel disease, age at diagnosis of CD, location and behavior of CD, and extraintestinal manifestations of CD.
Smokers were defined as patients who smoked more than 7 cigarettes per week (1 cigarette daily). Ex-smoker was defined as a patient who gave up smoking at least 1 year before diagnosis. Nonsmokers were defined as patients who had never smoked or smoked less than 7 cigarettes per week. 15 Location of CD was determined according to x-ray and endoscopic findings; all patients underwent these procedures at least once in our center. Location of CD was registered in not exclusive groups, according to the following criteria: upper gastrointestinal tract, for any disease location proximal to the terminal third of ileum; terminal ileum if evidence of disease existed in the terminal third of ileum with or without spill over into the cecum; colonic disease if evidence of disease existed in the colon; and perianal disease if there was evidence of fistula and/or perianal abscess. Since classification was not exclusive, patients could belong to more than 1 group. For initial behavior of CD, we used a criteria based on the Vienna classification: 29 penetrating, for intra-abdominal or perianal fistulas, inflammatory masses, and/or abscess; stricturing, for occurrence of luminal narrowing (radiologic or endoscopic) with prestenotic dilatation or obstructive signs, without concomitant penetrating disease; and inflammatory, for the rest of CD patients.
Follow-up
Patients were visited in the outpatient clinic unit at least twice a year. The following characteristics were registered at each visit: date, smoking habit, use of steroids, use of immunosuppressants, disease activity, change in behavior and extension of disease, and specifically date, indication, and type of surgery and surgical recurrence, and date of medical recurrence.
Each steroid course was registered to obtain a mean number of steroid courses per year of follow-up. For disease activity, each flare of CD was registered. Flare of CD was defined as presence of digestive and/or general symptoms that led to a change in the patient treatment by the physician in charge (J.P., M.S., M.A.L.). A mean number of flares per year of follow-up was also calculated for every patient. Behavior of CD in the follow-up was registered as nonexclusive categories; thus, the presence of intestinal stricturing was also registered if stricturing occurred at a different time than the penetrating lesion, so that patients could belong to both categories, if they occur at different time points of CD evolution. The net effect of this categorization was that patients with stricturing and penetrating behavior, which are only classified as penetrating in the Vienna classification, were categorized as stricturing and penetrating in the nonexclusive categorization.
Surgery was defined as any procedure involving bowel resection or strictureplasty (the latter was performed in only 1 patient). For perianal disease, surgery was defined as requirement of fistulae resection and/or abscess drainage. We considered that surgery for treatment of perianal disease as defined above should be also analyzed since it is an important feature in the treatment of penetrating CD affecting the anorectum. 30 Indication for surgery was defined as the primary reason for operation based on clinical presentation, preoperative diagnostic studies, and intraoperative findings. Surgical indications were divided into three groups: stricturing disease, referring to constant intestinal obstruction that does not respond to medical treatment; perforating disease, which included internal or external fistula formation, abscess, or acute free perforation; and other indications, including medical intractability, hemorrhage, toxic dilatation of the colon without perforation, and cancer. Type of surgery refers to the surgical procedure performed. It was divided into 4 types: small bowel resection, colon resection, perianal surgery, and combined procedures for any combination of the previous stated procedures. Those patients who underwent ileostomy, colostomy, planned second-stage surgery, or surgery for a complication of a prior operative procedure were excluded. For the analysis of time for the initial surgery, the start of follow-up (survival time) began at the time of diagnosis and ended at the time of initial surgery or end of follow-up. Surgical recurrence was defined as the need of reoperation for treatment of CD, as has been previously defined. 31 For the analysis of time to medical recurrence and surgical recurrence after the first surgery, the start of follow-up (survival time) began at the first surgery and ended when a clinical flare of CD occurred (defined as presence of symptoms that led to a change in treatment) for medical recurrence, at the second surgery for surgical recurrence, or at the end of follow-up if these events had not occurred.
Nod2/CARD15 Genotyping
In all patients, DNA was collected and genotyped for the three main variants of Nod2/CARD15 gene that are associated with CD (MIM 266600). Genomic DNA from whole blood samples was isolated using QIAmp DNA Blood Mini Kit (QIAgen, Hilden, Germany) following the manu-facturer's instructions. Specific sequences of exon 4 (missense mutation R702W), exon 8 (missense mutation G908R), and exon 11 (frameshift mutation L1007fsinsC) of Nod2/ CARD15 gene were amplified by polymerase chain reaction (PCR), using specific primers and conditions previously published (Primer 4-CF: GAAGTACATCCGCACCGAG and Primer 4-ER: GCTCCCCCATACCTGAAC. Primer 8-F: AAGTCTGTAATGTAAAGCCAC and Primer 8-R: CCC-AGCTCCTCCCTCTTC. Primer 11-F: CTCACCATTGTA-TCTTCTTTTC and Primer 11-R: GAATGTCAGAATCAG-AAGGG). 21 The PCR products were purified using QIAquick PCR Purification Kit (QIAgen), according to the manufacturer's instructions, sequenced using an ABI BigDye Terminators v1.1 Cycle Sequencing Kit (Foster City, CA) and run on an ABI 3100 automatic sequencer. The investigators who determined the genotypes were blinded to the clinical characteristics of the patients. CD patients categorized as carrying variants were anyone with at least 1 variant of the Nod2/ CARD15 gene.
Statistical Analysis
Categorical variables were compared using the 2 test, applying the Yates correction when necessary. Continuous variables were expressed as the mean Ϯ SD and compared using Student t test. We used univariate analysis to study the association between surgery requirement and clinical characteristics and Nod2/CARD15 genotype. Variables reaching a P value of less or equal than 0.10 in the univariate analysis were entered into the multivariate logistic regression analysis. Probability curves of surgery requirement after diagnosis or after first surgery (surgical recurrence), and probability curves of remaining free of medical recurrence after initial surgery were calculated according to the Kaplan-Meier method and compared using the log-rank test. Patients who did not have medical or surgical recurrence at the end of follow up were censored. All P values were 2-sided, and a value of less than 0.05 was considered to indicate a statistically significant difference. Analysis was carried out using the StatView software package (SAS Institute Inc., Cary, NC).
RESULTS
Patient Population
The study population consisted of 170 patients with CD (91 males, 79 females; mean age, 37.9 Ϯ 14 years). Mean follow-up was 7.4 Ϯ 6.1 years with a median of 5.6 years. Behavior of CD at diagnosis was inflammatory in 123 patients (72.3%), stricturing in 16 patients (9.4%), and penetrating in 31 patients (18.2%). Sixteen cases (9.4%) had lesions in the upper gastrointestinal tract, 128 (75.2%) in the terminal ileum, 107 (63%) in the colon, and 30 (17.6%) had perianal disease.
Behavior of CD changed over time in a significant proportion of patients. Applying the nonhierarchic criteria at the end of follow-up, 73 patients (42.9%) maintained a purely inflammatory phenotype, 54 patients (31.7%) had structuring lesions, and 71 patients (41.7%) had a penetrating phenotype at some time during follow-up.
Nod2/CARD15 Genotype
Fifty-two patients (30.5%) had at least 1 mutation of the Nod2/CARD15 gene. Eight were homozygotes or compound heterozygotes and 44 were simple heterozygotes for these mutations. Distribution of each 1 of the 3 variants was as follows: 30 (17.6%) for R702W, 8 (4.7%) for G908R, and 18 (10.5%) for L1007fsinsC.
At the time of CD diagnosis, only ileal disease (P ϭ 0.008) was associated with Nod2/CARD15 gene variants. A trend toward an earlier age at diagnosis (P ϭ 0.07) was observed in patients carrying these variants. None of other clinical characteristics at the time of CD diagnosis was associated with Nod2/CARD15 variants, including gender, previous appendectomy, smoking habit, family history of inflammatory bowel disease, behavior of CD, and extraintestinal manifestations of CD.
Analysis of Factors Influencing Initial Surgery
Seventy patients (41.1%) required at least 1 surgical procedure for treatment of CD during the follow-up period. The absolute cumulative frequency of surgery was 22.5%, 35.3%, and 50.4% at 1, 5, and 10 years, respectively, after diagnosis. The mean time of disease duration at the moment of first surgery was 2.8 Ϯ 4.7 years, with a median of 12.0 months. The indication for surgery and type of surgical intervention performed are shown in Table 1 .
Comparison of clinical characteristics at the time of diagnosis between patients who required surgery and patients who did not are shown in Table 2 . Nod2/CARD15 genotype variants, stricturing phenotype, penetrating phenotype, and ileal disease were statistically associated with first surgery requirement, whereas colonic disease and extraintestinal manifestations were associated with a lower proportion of patients requiring surgery. In the group that required surgery, 28 patients (40%) had variants of Nod2/CARD15 compared with 24 patients (24%) in the group that did not require surgery (P ϭ 0.02). On the other hand, 28 of 52 patients (53.8%) with Nod2/CARD15 variants required surgery compared with 42 of 118 patients (35.5%) without Nod2/CARD15 variants (odds ratio ͓OR͔, 2.11; 95% confidence interval ͓CI͔, 1.08 -4.09; P ϭ 0.02). In addition, patients with Nod2/CARD15 variants had an earlier requirement of surgery in the Kaplan-Meier survival analysis (P ϭ 0.0089) ( Fig. 1 ). If we exclude from the analysis the 11 patients who underwent their first surgery for treatment of perianal disease, the significant association between carrying Nod2/CARD15 variants and increased surgery requirements is maintained (OR, 2.32; 95% CI, 1.16 -4.64), as well as the significantly reduced period of time between diagnosis of CD and initial surgery according to Kaplan-Meier survival analysis (P ϭ 0.0059). We assessed the relationship between gene status and surgery indications to determine whether the association was with all surgery indications or only with some specific indication (Table 3) . Among indications for initial surgery, only the proportion of patients that underwent surgery for stricturing disease was significantly higher in patients with Nod2/ Card15 variants 12 of 52 (23%), compared with 9 of 118 patients (7.6%) without variants (OR, 3.63; 95% CI, 1.42-9.27; P ϭ 0.004). There was no difference in indications for perforating disease or other indications between patients with Nod2/Card15 variants and those without.
In the univariate analysis of factors associated with initial surgery for stricturing disease, a significant association was found with behavior at diagnosis (stricturing disease) (P Ͻ 0.0001), absence of colonic disease (P ϭ 0.002) and Nod2/CARD15 gene variants (P ϭ 0.004). In addition to these, ileal disease (P ϭ 0.08) and extraintestinal manifestation (P ϭ 0.09) had also a P Ͻ 0.1 in the univariate analysis. The multivariate analysis looking for independent predictive factors for initial bowel surgery for stricturing disease at the time of diagnosis, including all the aforementioned variables, demonstrated that only Nod2/CARD15 gene variants (OR, 3.58; 95% CI, 1.21-10.5) and stricturing behavior at the time of diagnosis (OR, 9.34; 95% CI, 2.56 -33.3) were independent predictive factors for initial bowel surgery for stricturing disease. Ileal location of CD (OR, 1.27; 95% CI, 0.22-7.3), colonic location (OR, 032; 95% CI, 0.10 -1.01) or extraintestinal manifestations (OR, 0.7; 95% CI, 0.10 -3.31) were not significant independent predictive factors. In addition, Nod2/ CARD15 gene variants were associated with an earlier requirement of initial surgery due to stricturing disease in the Kaplan-Meier analysis (P ϭ 0.004) (Fig. 2 ).
Analysis of Factors Influencing Surgical Recurrence
Of 70 CD patients requiring an initial operation, 23 patients (33%) required a second surgery. The cumulative relapse rates were 15.4% and 28.0% at 1 and 5 years, respectively, after the first surgery. The time of follow-up was similar between patients that required reoperation (6.2 Ϯ 6.3 years) and those who did not (7.8 Ϯ 6.7 years; P ϭ 0.3).
In the univariate analysis of variables measured at the time of diagnosis, including gender, previous appendectomy, smoking habit, family history of inflammatory bowel disease, age at diagnosis of CD, location and behavior of CD, and extraintestinal manifestations of CD, only Nod2/CARD15 gene variants were associated with surgical recurrence; in In the univariate analysis including clinical characteristics of CD after first surgery listed in Table 4 , and Nod2/ CARD15 gene variants, only the latter was associated with requirement of a second surgery. A trend toward a higher rate of smoking (P ϭ 0.07) and lower use of immunosuppressants (P ϭ 0.10) was observed in patients requiring reoperation. In the multivariate analysis including these 3 variables, only Nod2/CARD15 gene variants (OR, 3.18; 95% CI, 1.07-9.47) were an independent predictive factor for surgical recurrence. If we exclude from this analysis patients that were operated for treatment of perianal disease in the initial surgery, the Nod2/CARD15 gene status (OR, 3.79; 95% CI, 1.17-12.21) remains as an independent predictive factor for surgical recurrence. In the survival analysis of patients remaining free of surgical recurrence, Nod2/CARD15 genotype was significantly associated with an early requirement of surgery in the Kaplan-Meier analysis (P ϭ 0.03) (Fig. 3) . Nod2/CARD15 genotype was not a predictive factor for medical recurrence after surgery; medical recurrence leading to changes in medical treatment was observed in 21 of the 28 patients carrying variants of Nod2/CARD15 (75%), and in 28 of the 42 patients without these variants (66.6%) (OR, 1.58; 95% CI, 0.50 -4.92; P ϭ 0.4). Survival time free of medical recurrence was not different between patients carrying Nod2/CARD15 genotype variants and those without these variants (P ϭ 0.54). We also analyzed if Nod2/CARD15 gene status was associated with surgery requirement for stricturing lesions at any time during the course of CD, irrespective of whether surgery for stricturing disease was required in the initial surgery or in the subsequent surgeries. In the multivariate analysis including the variables at the time of diagnosis listed in Table 2 with a P value Յ0.10 in the univariate analysis, variants of Nod2/CARD15 gene (OR, 3.61; 95% CI, 1.38 -9.45), stricturing behavior at diagnosis (OR, 7.09; 95% CI, 2.06 -24.3), and perforating behavior at diagnosis (OR, 3.77; 95% CI, 1.14 -12.5) were independent predictive factors for subsequent surgery requirement due to stricturing lesions. Ileal disease (OR, 1.55; 95% CI, 0.28 -8.43), colonic disease (OR, 0.44; 95% CI, 0.16 -1.2) or perianal disease (OR, 0.13; 95% CI, 0.015-1.24) were not significant independent predictive factors for surgery requirement for stricturing lesions. The Kaplan-Meier survival analysis showed again a significant association between Nod2/Card15 genotype and early surgery requirement for treatment of stricturing lesions at any time during the course of CD (P ϭ 0.003) ( Fig. 4) .
None of 3 variants of Nod2/CARD15 gene (R702W, G908R, L1007fsinsC) alone was significantly associated with any surgical requirement, although this is probably the result of the low number of patients remaining in each group.
DISCUSSION
Identification of genes that cause polygenic disorders promises new approaches to dissect complex diseases such as CD. The finding of an association between Nod2/CARD15 gene and CD has raised great expectations on the clinical implications that could directly result from this discovery. This study is the first to evaluate in depth the association of Nod2/CARD15 gene with an important clinical event of CD course such as surgery requirement. There are probably several factors that influence surgical requirements in the course of CD, and these factors could be different according to the particular indication of surgery. The present study provides a step forward toward identification of stable factors, such as gene status of patients, that would allow prediction of the future course of the disease and, optimally, development of preventive clinical strategies.
Initial Surgery
We found specifically that Nod2/CARD15 genotype is an independent predictive factor for early surgery requirement due to stricturing lesions. Despite the more conservative surgical approach that has been adopted during the past few decades in CD, there is yet 1 indication for surgery, particularly independent of personal inclinations of patients, physicians, or medical institutions, as is a complete and/or irreversible intestinal stricturing.
Previous reports have found that small bowel disease and absence of colonic involvement were associated with requirement of surgery, 1, 4 both clinical conditions associated with Nod2/CARD15 variants. 32 Our findings are in keeping with reports that have found an association between this gene and a stricturing phenotype, 21, 23, 26 especially with the most severe forms of stricturing disease as indicated by the need for surgery. A previous report suggested that patients with fibrosis and stenosis that require surgery were a specific subgroup of CD patients, rather than being inevitable phases of disease evolution, 33 and our results indicate that carrying the Nod2/CARD15 variant is a major genetic factor determining this CD subgroup. Therefore, classifying indications for surgery in 2 groups (perforating and nonperforating), as previous reports have done, 10, 16, 34, 35 may be too simplistic; and in our opinion, there is a genetic basis to classify indications for surgery in at least 3 groups: perforating, stricturing, and others. The reason for the association between Nod2/CARD15 genotype and need for early surgery for structuring lesions is not readily apparent, but some studies have hypothesized that intestinal immune response in patients with these variants shifts T cells toward transforming growth factor-␤ cytokine production and increased collagen deposition by smooth muscle cells and fibroblasts in the intestine. 26 As expected, stricturing behavior at the time of diagnosis was another clinical variable independently associated with surgery requirement due to stricturing lesions. This phenotype has been previously associated with the development of complications and need for surgery. 33 However, since characteristics of disease phenotype are not stable over time 17 and misclassifications of clinical variables may be frequent, 36 genotyping of patients may offer additional information, which, according to our findings, may be more reliable that clinical phenotypic characteristics of the disease in stratifying patients and establishing a prognosis. In that regard, 1 of the key points in the studies of risk factors for surgery is the time of clinical evaluation and the duration of CD. Since the majority of patients with CD are operated within the first years after diagnosis and the rates of surgery increase according to disease duration, 1-3 it may be of great importance to identify at the time of diagnosis those factors that certainly predict the need of initial surgery in the first years of the disease course. 
Surgical Recurrence
In the current study, we observed that one third of patients need reoperation after initial surgery. This proportion is in keeping with previous reports. 1, 2, 31 We ascertained whether the Nod2/CARD15 gene variants contribute to the need of reoperation in patients with CD. For this purpose, the predictive value for surgical recurrence of these genetic variants along with other clinical characteristics was studied. We found that Nod2/CARD15 variants were an independent predictive factor for surgical recurrence in the multivariate analysis that included other clinical variables obtained at the time of diagnosis or during follow-up. Moreover, the variants of Nod2/CARD15 gene were associated with earlier recurrence in the Kaplan-Meier analysis. Although these 2 statistical analysis concur in indicating that Nod2/CARD15 gene variants are associated with the need for reoperation, the relatively small number of patients that are included in this analysis (n ϭ 70) implies that the possibility of a type 1 error may exist.
Despite a study indicating that the Nod2/CARD15 genotype was not associated with requirement of second surgery, 24 other studies have found predictive clinical factors for surgical recurrence linked to Nod2/CARD15 gene variants, such as a younger age at onset or small bowel disease. 1, 37 Nod2/CARD15 gene variants may be 1 of the factors that may contribute to explain the initial observation that patients with a shorter duration of CD previous to first surgery had also a shorter time to recurrence 6, 38 and supports the notion that patients bearing this variants have a complicated evolution of the disease. 27 The lack of association between Nod2/CARD15 gene variants and medical recurrence after surgery may be related to the fact that in many subjects the initial recurrence after surgery had an inflammatory phenotype, and this phenotype is not associated with Nod2/CARD15 gene variants.
A possible reason to explain the association of Nod2/ CARD15 gene variants with a higher rate of surgical recurrence could be related to an altered regulation of the inflammatory response and/or repairing in patients carrying these variants. A marker of this pathologic condition would be the predisposition to form fibrotic and stricturing lesions at site of intestinal inflammation in patients with these variants. 26 Thus, this alteration would contribute to abnormal repairing at the site of surgical intervention and consequently to an earlier surgical recurrence, irrespective of the cause that led to initial surgery.
It is important to note that CD is a clinically heterogeneous disorder, and there is no universally applicable classification of CD phenotypes. 10, 29, 35, 39 The widely used Vienna classification 29 has been recently criticized in different reports because it does not account for all the observed variations of CD phenotype. 17, 32, 40 This classification is based only on 3 clinical parameters and applies a hierarchical criteria for disease behavior. Thus, patients with both stricturing and penetrating disease are only classified as penetrating not allowing a reliable genotype-phenotype analysis for stricturing phenotype. In the majority of large published studies demonstrating that carriage of Nod2/CARD15 variants may predispose to stricturing disease, the Vienna classifica-tion was not used to classify disease behavior. 18, 21, 26 The categories that we have used in relation to CD location and behavior in the follow-up are not hierarchical or exclusive as in the Vienna classification, with the aim to evaluate each category separately and avoid losing information.
Smoking habit has been 1 of the few clinical factors more constantly associated with surgical recurrence. 15 Moreover, 2 recent reports have suggested that the use of immunosuppressants may decrease the need for reoperation. 41, 42 A trend toward a higher risk of reoperation in those patients maintaining an active smoking habit (P ϭ 0.07) and without use of immunosuppressants (P ϭ 0.1) was observed in our study. However, the limited number of patients with surgical recurrence in the present study probably limits the statistical power for exploring these associations.
One important limitation of the available studies in genetic area of CD is that most participating patients came from tertiary referral centers. Our hospital serves as a referral center for patients with inflammatory bowel disease; thus, some patients may have a disease of greater complexity with greater need for surgery, and it has been reported that the prognosis of the disease is more benign in population-based studies 43, 44 than in centers with a special interest in CD surgical centers where possibly more severe cases are referred. 45 
CONCLUSION
Our results indicate that Nod2/CARD15 genotyping may have a useful clinical application as a major marker of evolution of CD, particularly an early need of initial surgery due to stricturing disease and need of reoperation. Although determination of the Nod2/CARD15 genotype cannot be used currently to guide indications for surgery, it might define a subgroup of patients with a severe course of the disease, who may require a more aggressive therapeutic strategy to prevent the appearance of complications. Confirmation of these results in future studies is necessary before interventional studies based on NOD2/CARD15 genotyping are designed.
